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(54) Fork lift control system 

(57) A system horizontally controls a 
fork for a fork lift truck at a position 
parallel with respect to the ground, 
according to the loads mounted on the 
fork. The target backward tilting angle 
of the upright is previously determined 
and stored into a microcomputer 23 
according to the load on the fork. 
Therefore, the microcomputer outputs 
an upright forward/backward tilting 
operation command signals to a tilt 
servo mechanism on the basis of 
signals outputted from a load sensor 
and a potentiometer to detect upright 
tilt angles. The tilt servo mechanism 
according to the present invention can 
adjust and stop the upright at a target 
backward tilting angle at a low speed 
without applying a shock to the load. 
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SPECIFICATION 

Method and system for h rizontally c ntrolling 
a fork for a fork lift truck 

Description 

5 The present invention relates generally to a 
method and a systenn for controlling a fork 
supported movably up and down by the upright of 
a fork lift truck at a position parallel with respect 
to the ground, by the aid of a microcomputer, and 
1 0 more specifically to a method and a system for 
adjusting the backward tilting angle of the upright 
(masts) so that the fork is always positioned at a 
position parallel with respect to the ground even 
when the load mounted on the fork changes. 

1 5 Description of th^ prior art 

An automatic lift operation of a fork lift truck 
has been proposed by using a microcomputer. In 
this case, the automatic lift operation is carried 
out by outputting a number of operation 

20 command signals from the microcomputer on the 
basis of comparison of the current fork lifting 
height detected by a lift sensor with the reference 
fork lifting height previously stored in a 
microcomputer. 

25 When a fork lift truck is used for lifting a load, 
the lifting height is important. This lifting height is 
usually obtained by detecting the travel distance 
of a chain or the number of revolution of a chain 
wheel. 

30 In this case, if the fork is accurately positioned 
at a position parallel with respect to the ground, 
the lifting height between the fork horizontal 
portion and the ground is constant everywhere 
throughout the fork horizontal portion; however, if 

3 5 the upright tilts forwardly or backwardly and ^ 
therefore the fork is not positioned parallel with 
respect to the ground, the lifting height at the free 
end of the fork horizontal portion is not equal to 
that at the fixed end of thefork horizontal portion 

40 which is calculated on the basis of travel distance 
of the chain. 

To overcome this problem, therefore, in the 
usual automatic lifting operation of the fork lift 
truck, the upright to which the fork is supported 

45 movably up and down is first adjusted vertically to 
the ground; however, in the case where some 
load is applied onto the fork, there exists a 
problem in that the fork is tilted forwardly and, 
additionally, the forward tilting angle varies 

50 according to the degree of load. This is because 
the load onto the fork will deform the front 
wheels, the mast, the fork horizontal portion, etc. 

Furthermore, in the usual automatic upright 
vertically controlling operation of the fork lift 

55 truck, since the upright is usually stopped abruptly 
at its vertical position with respect to the ground, 
there further exists another problem in that a 
shock is applied to the load mounted on the fork 
and thereby there is a danger such that the load 
60 may be moved or thrown out of the fork, 
whenever the upright is stopped abruptly. 

Furthermore, if an electric failure occurs in the 
analog-to-digital converter or a potentiometer for 



detecting the fork tilt angles, a bit error is 
65 produced within any of the output bit strings from 
the analog-to-digital converter to be fed into the 
microcomputer. Consequently, since the 
microcomputer performs the feedback control for 
the tilt cylinder on a basis of the erroneous bit 
70 strings, the upright is tilted at an erroneous angle 
different from the target value described above so 
that, e.g., the loads are not properly arranged on 
the fork and accordingly an accident may occur 
due to improper arrangement of the loads. 
75 The more detailed description of the prior-art 
fork lift truck will be made hereinafter with 
reference to the attached drawings under Detailed 
description of the preferred embodiments. 

Summary of the invention 

80 With these problems in mind therefore, it is the 
primary object of the present invention to 
provide a method and system for controlling a 
fork supported movably up and down by the 
upright of a fork lift truck at a position parallel 
85 with respect to the ground under any loaded 

conditions on the basis of the operations executed 
by a microcomputer. 

It is another object of the present invention to 
provide a method and system for gently stopping 
90 the upright at a position where the fork horizontal 
portion is parallel with respect to the ground at 
relatively slow speed, without applying shock to 
the load mounted on the fork. 

It is the other object of the present invention to 
95 provide a method and system for controlling a 
fork supported movably up and down by the 
upright of a fork lift truck at a position parallel 
with respect to the ground by always providing 
correct data for the microcomputer. 
1 00 To achieve the above-mentioned primary 

object the method of controlling a fork horizontal 
portion supported movably up and down by the 
upright of a fork lift truck at a position parallel 
with respect to the ground according to loads 
1 05 mounted on the fork according to the present^ 
invention comprises the steps of predetermining 
targer upright backward tilting angles to be 
previously set for keeping the fork horizontal 
portion at a position parallel with respect to the 
1 1 0 ground according to various loads mounted on 
the fork, detecting an actual load mounted on the 
fork, selecting a target upright backward tilting 
angle corresponding to the detected load, 
detecting an actual upright tilt angle with respect 
1 1 5 to the neutral position vertical to the ground 
under unloaded condition, comparing the 
detected upright tilt angle with the target upright 
backward tilting angle, outputting an upright 
backward-tilting operation command signal when 
1 20 the detected angle is below the target angle, an 
upright forward-tilting operation command signal 
when the detected angle is beyond the target 
angle, and an upright tilting-stop command signal 
when the detected angle is equal to the target 
1 25 angle, and controlling the upright tilt angle to the 
target backward tilting angle in response to these 
command signals. 
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To achieve the above-mentioned second object 
the method of gently stopping a fork horizontal 
portion supported movably up and down by the 

upright_of aiork lift_truck.at_a_position parallel „ 

5 with respect to the ground at relatively slow 
speed according to the present invention 
comprises the step of converting the outputted 
digital upright tilting operation command signals 
into the corresponding analog signals of forward- 

1 0 tilt, backward-tilt, and zero neutral position, 

detecting an analog signal indicative of an offset 
value from the neutral position at which the 
upright rests at a backward tilting angle, 
comparing the converted analog signal with the 

1 5 detected analog signal, outputting a motor 
clockwise-driving signal when the converted 
■ analog signal voltage level is below the detected 
analog signal voltage level, a motor 
counterclockwise-driving signal when the 

20 converted signal voltage level is beyond the 

detected signal voltage level, and controlling the 
upright tilt angle to the target upright backward 
tilt angle in response to the outputted motor 
driving signals. 

25 To achieve the above-mentioned primary 

object the system for controlling a fork horizontal 
portion supported movably up and down by an 
upright of a fork lift truck at a position parallel 
with respect to the ground according to loads 

30 mounted on the fork according to the present 
invention comprises a first potentiometer for 
detecting :upright forward/backward tilt angles, a 
load sensor for detecting the load mounted on the 
fork, an A — D converter for converting the 

35 detected upright tilt angle signal into the 

corresponding analog signal, a microcomputer, a 
tiit control valve for switching the direction of 
hydraulic fluid flow, a tilt servo mechanism for 
controlling the tilt control valve in response to the 

40 upright forward/backward tilting operation 
command signals outputted from the- 
microcomputer, in addition to a hydraulic tiit 
cylinder, a hydraulic lift cylinder, etc. 

To achieve the above-mentioned second 

45 object, the tilt servo mechanism according to the 
present invention comprises an D — A converter, a 
second potentiometer, a comparator, a motor 
control unit, a servo motor, a servo motor driver, a 
gearwheel, an electromagnetic clutch, a tilt 

50 control valve, etc. 

To achieve the third above-mentioned object, the 
microcomputer comprises a subroutine including 
the steps of comparing the current detected bit 
strings with the reference bit strings and 
55 producing an audible alarm to an operator if the 
two strings do not match. 

Brief description of the drawings 

The features and advantages of the method 
and system of controlling a fork horizontal portion 
60 for a fork lift truck at a position parallel with 
respect to the ground under any loaded 
conditions according to the present invention will 
be more clearly appreciated from the following 
description of the preferred embodiments of the 



65 invention taken in conjunction with the 

accompanying drawings in which like reference 
numerals designate the same or similar elements 

or sections Jhroughout the. figures Jhereof.^ in 

which: 

70 Fig. 1 is a side view of an example fork lift 
truck; 

Figs. 2 and 3 are side views of an example fork 
lift truck for assistance in explaining the 
shortcomings of the fork lift truck; 
75 Fig. 4 is a fragmentary side view of the mast 
provided for example fork lift truck for assistance 
in explaining the shortcoming of the multiple mast 
type fork lift truck; 

Fig. 5 is a flowchart of a representative 
80 automatic lifting operation of a fork lift truck; 

Fig. 6 is a schematic block diagram of an 
embodiment of the system for controlling a fork of 
a fork lift truck at a position parallel with respect 
to the ground according to the present invention, 
85 in which a microcomputer is provided; 

Fig. 7 Is an enlarged perspective view showing 
an embodiment of an upright tilt angle sensor (a 
potentiometer) used for the fork lift truck 
according to the present invention; 
90 Fig. 8 is a circuit diagram of an embodiment of 
the A — D converter section (comparator) shown 
In Fig. 6; 

Fig. 9 is a graphical representation showing the 
relationship between the output signals A, B, C, D, 
95 and E outputted from the A — D converter and the 
upright backward tilt angles 0, 1 , 3, 4 and 1 2 
degrees; 

Fig. 1 0 Is a flowchart of the method of 
comparing the detected digital upright tilt angle 

1 00 with the target upright backward tilting angle; 

Fig, 11 is a flowchart of the method of slowly 
stopping a fork for a fork lift truck at a position 
parallel with respect to the ground, without a 
shock, according to the present invention; 

1 05 Fig. 1 2 is a schematic block diagram according 
to the present invention, including a 
diagrammatical illustration of an embodiment of 
the system of slowly stopping the fork for a fork 
lift truck at a position parallel with respect to the 

1 1 0 ground without shock. 

Fig. 1 3 is a flowchart of the method of 
detecting an erroneous bit strings outputted from 
the A — D converter; 

Fig. 1 4 is a list of the reference bit strings to be 

1 1 5 outputted from the A — D converter when 
normally operating; and 

Fig. 1 5 is a schematic block diagram of a 
circuit configuration of the abnormality-detecting 
software facility executed on the basis of the 

1 20 flowchart shown in Fig. 1 3 and incorporated in 
the microcomputer according to the present 
invention. 

Detailed description of the preferred 
embodiments 

1 25 To facilitate understanding of the present 
invention, a brief reference will be made to a 
conventional fork lift truck, with reference to the 
attached drawings. 
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Fig. 1 shows a diagrammatical outside view of 
a representative fork lift truck. In the figure, the 
reference numeral 1 denotes an upright including 
a pair of right- and left-side masts which is 
5 inclinably provided on the front surface of a fork 
lift truck body 2. Further, the mast includes an 
outer mast 1 a and an inner mast 1 6 moved up 
and down along the outer mast 1a (both shown in 
Figs. 2 and 3). The reference numeral 3 denotes a 
1 0 fork fixed to a lifting-and-iowering member 4 
which can be moved up and down along the 
upright 1 , and the reference numeral 3a denotes a 
free end of the horizontal portion 3b of the fork 3. 
The reference numeral 6 denotes a hydraulic lift 
1 5 cylinder for lifting or lowering the inner mast 1 a 
and the lifting-and-lowering member 4 via a chain 
5. The reference numeral 7 denotes a hydraulic 
tilt cylinder to tilt the upright 1 forwardly or 
backwardly, this tilting operation being made by 
20 controlling a tilt control valve provided on the 

midway of a hydraulic pipe communicating with a 
tilt servo mechanism (not shown). The reference 
numeral 8 denotes front wheels and the reference 
numeral 9 denotes rear wheels. 
25 in the fork lift truck thus constructed, the lifting 
height H (in Fig. 2) is usually determined on the 
basis of the calculations of the travel distance of 
the chain 5 or the number of revolutions of the 
chain wheel 11. 
30 In this case, when the horizontal portion 3b of 
the fork 3 is parallel with respect to the ground as 
depicted in Fig, 2, the lifting height H of the fork 
horizontal portion is constant everywhere 
throughout the fork horizontal portion 3b between 
35 the fork and the ground; however, when the 

upright 1 tilts forwardly from the vertical line with 
respect to the ground and therefore the horizontal 
portion 3b of the fork 3 is not parallel with respect 
to the ground as depicted in Fig. 3, the lifting 
40 height H' at the free end 3a of the fork does not 
agree with the calculated lifting height H at the 
fixed end 3c of the fork horizontal portion. 

To overcome this problem, therefore, in the 
usual automatic lifting operation of the fork lift 
45 truck, the upright 1 must be first adjusted 

vertically with respect to the ground, and next the 
inner masts are lifted or lowered. However, in the 
case when some load is applied on the fork, the 
fork horizontal portion is inevitably tilted 
50 forwardly and, additionally, this forward tilting 
angle varies when the degree of load varies. This 
is because the load mounted on the fork will 
deform the front wheels, the mast, the fork 
horizontal portion, etc., especially if there exist 
55 some clearances between two connected 

members for instance, between the inner mast 
and the outer mast, as depicted in Fig. 4. 

In view of the above description, reference is 
now made to a first embodiment of the method 
60 and system for controlling a fork of a fork lift truck 
according to the present invention. 

Before explaining the gist of the present 
invention, first the usual automatic lifting 
operation of a fork lift truck by the use of 
65 microcomputer will be described with reference 



to Fig. 5. In the figure, when the automatic 
lifting/lowering operation starts (block 1 ), first the 
program determines whether or not the upright is 
vertical with respect to the ground (block 2). If not 

70 vertical, upright vertically-controlling operation 
starts and the hydraulic tilt cylinder 6 moves the 
upright to and fro until the upright is set vertically 
with respect to the ground. In this step, when the 
upright is set to a vertical position accurately, a 

75 signal indicative of "vertical upright" is outputted 
to stop the tilting operation (block 6). If the 
upright is vertical with respect to the ground, the 
automatic load lifting or lowering operation starts 
(block 3). Next, the program determines whether 

80 or not the lighting height reaches a target height. 
If not at a target height, the automatic load lifting 
or lowering operation is repeatedly performed. If 
at a target height, the operation stops (block 5). 
The present invention is related to the step of 

85 "upright vertically-control operation" shown by 
block 6 in Fig. 5. 

Fig. 6 is a schematic block diagram showing 
the main element configuration of an 
embodiment of the system of controlling the fork 

90 horizontal portion of a fork lift truck at a position 
parallel with respect to the ground by the aid of a 
microcomputer according to the present 
invention. 

In Fig. 6, the reference numeral 7 denotes a 
95 hydraulic tilt cylinder for adjusting the upright 
forwardly or backwardly by chainging the 
direction of hydraulic fluid, the reference numeral 
21 denotes a first potentiometer mechanically 
linked with the hydraulic tilt cylinder 7 for 
1 00 generating an analog voltage signal proportional 

to the upright tilt angle. The reference numeral 22 
denotes an A — D converter (a kind of a 
comparator) for converting the detected analog 
signal indicative of the current upright tilt angle 
105 appliedfrom the potentiometer 21 into a plurality 
of binary digital signals, indicating whether or not 
the current upright tilt angle is in a tilt angle 
range, as explained in more detail hereinafter with 
reference to Fig. 8. The reference numeral 23 
110 denotes a microcomputer including an input 

interface 23 1 , an output interface 232, a central 
processing unit (CPU) 233, a read-only memory 
(ROM) 234, a random access memory (RAM) 
235, and a timer unit 236. The reference numeral 
115 24 demotes a load sensor or a hydraulic pressure 
sensor for detecting the pressure within the 
hydraulic lift cylinder 6. When the output signals 
from this sensor are analog ones, these anglog 
signals are inputted to the CPU 233 through the 
120 input interface 231 including an analog-to-digital 
converter (not shown). 

On the other hand, a number of data indicative 
of target upright backward tilt angles to be 
previously set for keeping the fork horizontal 
1 25 portion at a position parallel with respect to the 
ground are stored in the ROM 234 of the 
microcomputer 23. These target upright 
backward tilt angle data are previously 
determined on the basis of experimental results 
1 30 (actual measurements) in such a way that the 
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horizontal portion of the fork supported movably 
up and down by the previously backwardly-tiited 
upright may become parallel with respected to 

the-ground_even if variousJoads.are applied onto _ 

5 the fork. 

For intance, when no load is mounted on the 
fork, the unloaded target upright backward tilt 
angle (unloaded neutral range) is determined to 
be in the range of 0 degree to 1 degree. When a 
1 0 first predetermined load is mounted on the fork, 
the first target upright backward tilt angle (the 
first loaded neutral range) is determined to be In 
the range of 1 degree to 3 degrees. When a 
second load is mounted on the fork, the second 
1 5 target upright backward tilt angle (the second 
loaded neutral range) is determined to be in the 
range of 3 degrees to 4 degrees. 

In some cases, only two positions: an unloaded 
neutral position of from 0° to 1 ° in upright 
20 backward tilt angle and a loaded neutral position 
of from 3° to 4*=* in upright backward tilt angle are 
taken into consideration. In such case, returning 
back to Fig. 6 again, the output signals A — E from 
the comparator 22 are applied to a 
25 microcomputer 23. On the other hand, a hydraulic 
signal (digital or analog) is applied to the 
microcomputer 23 through a load sensor 24 for 
detecting the hydraulic pressure of the lift cylinder 
6. The load sensor 24 determines the presence or 
30 absence, of a load 1 2 mounted on the fork 3. 
Where there exists a load, the load sensor 24 
turns on a switch (not shown) to apply an output 
signal "1 " to the microcomputer 23, and where 
there exists no load, the load sensor 24 turns off 
35 the switch (not shown) to apply an output signal 
"0" to the microcomputer 23. 

On the other hand, there Is previously stored in 
the computer 23 a predetermined mast backward 
tilt angle range of the fork horizontal portion 3b 
40 with respect to the ground according to the load 
mounted on the fork 3. For instance, in the case 
of no load, the mast backward tilt angle of the 
horizontal portion 3b of the fork with respect to 
the ground is from 0° to 1 ° as an unloaded 
45 neutral position range. Further, in the case of the 
presence of a predetermined load, the mast 
backward-tilt angle is from 3° to 4*=* as a loaded 
neutral position range, so that when the mast 
backward tilt angle lies within this range, the 
50 horizontal portion 3b of the fork is considered to 
be parallel with respect to the ground. These 
ranges are determined on the basis of 
experiments. 

Therefore, the microcomputer 23 implements 
55 a programmed control for operating the upright to 
a vertical position with respect to the ground in 
accordance with the flowchart shown in Fig. 1 0, 
so that the mast backward tilt angle may lie 
within a predetermined range according to the 
60 predetermined load, that is, the horizontal portion 
3b of the fork 3 may become parallel with respect 
to the ground. 

Therefore, the microcomputer 23 determines 
whether or not the current upright backward tilt 
65 angle detected by the first potentiometer 2 1 lies 



within the predetermined neutral range 
corresponding to the current load and outputs an 
upright forward-tilt command signal a, when the 

current upright tilt wangle is.beyond„the_neutral 

70 range, an upright backward-tilt command signal 
b, when the current tilt angle is below the neutral 
range, to a tilt servo mechanism 26. By this tilt 
servo mechanism 26, a tilt control valve 27 is 
controlled so as to switch the direction of the flow 

75 of the hydraulic fluid fed from a hydraulic pump 
(not shown) into the hydraulic tilt cylinder 7, with 
the result that the upright backward tilt angle is 
adjusted within the predetermined upright 
backward tilting angle range. 

80 Fig. 7 shows the structure of the first 
potentiometer 2 1 . The potentiometer 211s 
provided with a crank lever 20 one end of which 
is fixed to an axle 2 1 a of the potentiometer 2 1 . 
On the other end of the crank lever 20, a pin 20a 

85 is fixed. Further, a plate 1 0 having a slot 1 0a 
formed therein Is fixed to the outer peripheral 
surface of a cylinder tube 7a. Therefore, by fitting 
the pin 20a into the slot 1 0a, the up-and-down 
movement of the cylinder tube 7a in order to tilt 

90 the upright can be detected by this potentiometer 
2 1 . That is to say, when the cylinder tube 7a 
moves up and down, the crank lever 20 rotates. 
Further, In Fig. 7, the reference numeral 7b 
denotes a cylinder rod moved to and fro within 

95 the cylinder tube 7a. When the cylinder rod 7b is 
moved out of the tube 7a, the upright Is moved 
frontward, and simultaneously the tube 7a moves 
downward. 

Therefore, when piston tube 7a moves up and 

1 00 down, the slot 1 0a rotates the crank lever 20 
clockwise or counterclockwise, so that the 
potentiometer 21 generates an analog voltage 
signal corresponding to the angle displacement of 
the crank lever 20, that is, corresponding to the 

1 05 travel of the hydraulic cylinder tube 7a. 

Fig. 8 shows the circuit configuration of a 
sample A — D converter 22 of comparator type. In 
the figure, the symbol designates a power 
supply terminal to which a supply voltage is 

110 applied. The symbols from Rgto Rg designate 

resistors, the symbols from VR^ to VR4 designate 
variable resistors, and the symbols from CP^ to 
CPg designate comparators. 

In the comparator CP^, a preset voltage 

1 1 5 which is equal to a voltage across the first 

potentiometer 21 developed when the upright tilt 
angle is zero degrees is applied to the negative 
input terminal (— ).This comparator CP, outputs a 
digital output signal A when the analog signal I, 

1 20 exceeds the preset voltage V,. In other words, if 
this digital signal A is "1 this means that the 
upright backward tilt angle is zero degrees or 
more. 

In the comparator CPj, a preset voltage 
1 25 which is equal to a voltage across the first 

potentiometer 21 developed when the upright tilt 
angle is one degree is applied to the negative 
input terminal (— ).This comparator QP^ outputs a 
digital signal B when the analog signal I, exceeds 
1 30 the preset voltage Vj. In other words, if this digital 
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signal B is this means that the upright 
backward tilt angle is one degree or more. 

Similarly, in the CPg, V3 corresponds to a 
voltage when the upright tilt angle is three 
5 degrees. If this digital signal C is "1 the upright 
tilt angle is three degrees or more. In the CP4, 
corresponds to a voltage when the upright tilt 
angle is four degrees. If this digital signal D is "1 
the upright tilt angle is four degrees or more. In 

1 0 the CPg, Vg corresponds to a voltage when the 
angle is twelve degrees. If E is "1 the angle is 
twelve degrees or more. 

Here, when the voltage developed across the 
first potentiometer increases with increasing 

1 5 upright backward tilt angle, the respective preset 
voltage must be as follows: 

Vi<V,<V3<V4<V5 

Fig. 9 clearly shows the relationship between 
the respective digital signals A, B, C, D and E from 
20 the A — D converter 22 and the upright backward 
tilt angles. 

Fig. 9 indicates that if the upright backward tilt 
angle is in the range of 0 to 1 , that is, in the 
unloaded neutral range, the digital signals from 

25 the A — D converter 22 are A=1 , B=C=D=E=0. 
Similarly, if the tilt angle is in the range of 1 to 3, 
that is, in the first loaded neutral range, the digital , 
signals are A=B=1 , C=D=E=0. If the tilt angle is 
in the range of 3 to 4, that is, in the second loaded 

30 neutral range, the digital signals are A=B=C=1 , 
D=E=0. 

Fig. 1 0 shows a flowchart of the upright 
vertically-controlling operation according to the 
present invention. This step relates to the steps of 

35 blocks 2 and 6 in Fig. 5. Therefore, the automatic 
load lifting or lowering operation (block 3, in Fig. 
5) states after this upright vertically controlling 
operation stops (block 1 1 in Fig. 10). 

In the microcomputer 23, the unloaded neutral 

40 uplight tilt angle range is obtained when the 

digital signal A is "1 " and the digital signals B, C, 
D and E are all "0". The loaded neutral uplight tilt 
angle ranges are obtained when any of the digital 
signals B, C and D is "1 " and the digital signal E is 

45 alway "0". 

The upright vertically-controlling operation will 
be described with reference to Figs. 9 and 10. 

In the microcomputer 23, when the upright 
vertically-controlling operation starts, first the 

50 program determines whether or not there exists a 
load on the fork (block 1 ). In the case of no load, 
in order to determine that the unloaded neutral 
range must be between 0 degrees and 1 degree, 
the program advances to block 2 in order to 

55 determine whether or not the digital signal A from 
the A — D converter 22 is "1 If not "1 that is, if 
"0", this means that the upright tilts forwardly. 
Then, the backward tilt operation starts (block 3), 
and of the microcomputer 23 outputs an upnght 

60 backward-tilting command signal b to the servo 
mechanism 26. As a result, a tilt control valve is 
operated to move the upright backwardly. If the 
digital A is "1 this means that the upright tilt 



angle is over zero degrees. After that, the program 
65 determines whether or not the digital signal B is 
"0". If not ''0". that is, if "1 this means that the 
uprighttiltsbackwardly more than 1 degrees, 
therefore, the frontward tilt operation starts (block 
5), and the microcomputer 23 outputs an upright 
70 forward-tilt command signal a to the servo 

mechanism 26. If the digital signal B is ''0", this 
means that the upright tilt angle lies between 0 
degrees and 1 degree, and thus the upright 
vertically-controlling operation stops (block 1 1 > 
75 and next the load lifting operation starts (block 3, 

In the case of load, the microcomputer 23 first 
determines the degree of the load mounted on 
the fork on the basis of the output signal from the 

80 ^oad sensor 24, and next searches an appropriate 
predetermined upright backward tilt angle range, 
according to the detected load, among the data 
stored in the ROM 234, that is, table look-up 
operation is executed in the microcomputer 23 

85 (block 6). In this case, if the second loaded range 
is searched, the upright must be tilted backwardly 
within the range of 3 degrees to 4 degrees. 
Therefore, the computer 23 first determines 
whether or not the digital signal C from the A — D 

90 converter 22 is "1 " (block 7). If not " 1 that is, if 
"0", this means that the upright backward tilt 
angle is less than 3 degrees, so that the backward 
tilt operation starts (block 8) and the 
micrcomputer 23 outputs an upright backward- 

95 tilting command signal b to the servo mechanism 
26. If the signal C is "1 ", this means that the 
upright backward tilt angle is more than 3 
degrees. Therefore, next the program determines 
whether or not the digital signal D is "0" (block 9). 

100 If not "0", that is, if "1", this means that the 

upright backward tilt angle is more than 4 degree, 
so that the forward tilt operation starts (block 10) 
and the microcomputer 23 outputs an upright 
forward-tilting command signal a to the servo 

1 05 mechanism 26. If the signal D is "0", this means 
that the upright backward tilt angle is less than 4 
degrees, that is, the upright tilt angles lies 
between 3 degrees and 4 degrees and thus the 
upright vertically-controlling operation stops 

1 10 (block 1 1 ), outputting an upright neutral position 
signal. 

In this embodiment described above, although 
the upright neutral ranges are divided into several 
ranges in accordance with the degree of load 

1 1 5 mounted on the fork; however, it is of course 

possible to stored into the ROM a function of the 
upright neutral angle (target upright backward 
tilting angles) in accordance with the degree of 
various load. In this case, the neutral angle range 

1 20 is automatically set continuously, even if the load 
varies continually or continuously. In this case, the 
larger the load, of course, the greater the upright 
backward tilting angle. 

As described above, when the fork horizontal 

1 25 portion becomes horizontal on the basis of the 
above-mentioned upright vertically-controlling 
operation and the operation stops, the 
microcomputer 23 generates a command signal 



to lift or lower the fork. In response to this signal, 
the fork lift truck starts an automatic load lifting or 
lowering oper atio n. When this ajjitomatic Hftmg or 
lowering operation stops, the lifting height 

5 calculated on the basis of the travel of the chain 
to move the fork up and down agrees with the 
actual lifting height at the fork free end, thus it is 
possible to obtain an accurate upright stop 
position in the automatic fork lifting/lowering 
1 0 operation, even if the load on the fork deforms the 
front wheel, the masts, the fork horizontal 
portiom, etc. 

Next the second object of the present invention 
will be described hereinbelow with reference to 

1 5 Figs. 1 1 and 12. 

When the microcomputer 23 detects the 
upright neutral position command signal, that is, 
the upright is adjusted to the target backward 
tilting angle, the microcomputer 23 turns off both 

20 the power supplies to the tilt servo mechanism 26 
for driving the tilt control valve 27 and an 
electromagnetic clutch 56 (explained later) to 
engage or disengage a servo motor 54 with or 
from the tilt control valve 27. Therefore, the 

25 spring-urged tilt control valve returns abruptly to 
the neutral position due to the force of a spring to 
momentarily close the tilt control valve fully, as a 
result, the upright is stopped abruptly at its 
vertical position with respect to the ground. This 

30 causes another problem in that a shock is applied 
to the load mounted on the fork and thereby there 
is a danger such that the load may be moved or 
thrown out of the fork, whenever the upright is 
stopped abruptly. 

35 To overcome these problems, in the 

embodiment according to the present invention, 
the upright is adjusted gradually to the target 
angle at a low speed when the microcomputer 
output the upright tilt operation command 

40 signals. In more detail, an offset value from the 
current neutral position at which the upright rests 
is first detected by a second potentiometer; a 
servo motor to actuate the tilt control valve is 
controlled so as to be driven in proportion to the 

45 detected offset value. In other words, the servo 
motor rotates at a high speed when the upright 
tilt angle to be adjusted is large, and at a low 
speed when the upright tilt angle to be adjusted is 
small. 

50 Further, in this embodiment, there are further 
provided a timer and an electromagnetic clutch. 
Therefore, after having been adjusted to a 
position at which the upright is set at the target 
backward tilting angle, the tilt control valve is 

55 released by the electromagnetic clutch from the 
servo motor into the next valve neutral position at 
which the valve is fully closed. This clutch is 
deenergized in response to a signal outputted 
from the microcomputer a fixed time period after 

60 the upright neutral position command signal has 
been generated within the microcomputer. 

With reference to Fig. 1 1 , there is described 
the sequence of the automatic upright vertically- 
controlling operation. 

65 As shown in the flowchart of Fig. 1 1 , when the- 
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automatic upright vertically-controlling operation 
starts (in block 1 ), the microcomputer 23 

_ whether or not the upright is at the 

" neutral positiorToh th^basis of tbe digital signal 

70 A — D from the A — D converter, that is, the 
comparator 22 (in block 2). If not at the target 
neutral position, the automatic upright vertically- 
controlling operation is performed continuously 
returning back again to block 1 . If at the target 

75 neutral position, the microcomputer 23 outputs a 
neutral position commarni signal indicative of 
zero opening percentage to the servo motor {in 
block 3). 

On the other hand, the microcomputer 23 
80 starts the timer (in block 4), In this embodiment, 
the timer is, for instance, an IC timer or a software 
timer. After a predetermined time period has 
elapsed (in block 5), the microcomputer 23 cuts 
off the power supply to the electromagnetic 
85 clutch 56 and the servo motor driving circuit 64 
for operating the tilt control valve 27 (in block 6), 
Therefore, the spring-urged tilt control valve 27 
returns to the neutral position due to the force of 
the sping, the tilt control valve is fully closed, so 
90 that the tilt operation is completely stopped (in 
block 7). 

Now follows a description of the actual system 
configuration and the operation of the flowchart, 
with reference to Fig. 1 2. 

95 Fig. 1 2 shows an embodiment of the fork lift 
truck according to the present invention, in which 
the tilt servo mechanism is diagramatically 
illustrated. In Fig, 12, the reference numeral 51 
denotes an oil tank, the reference numeral 52 
1 00 denotes an oil pump, the reference numeral 27 
denotes a tilt control valve, the reference numeral 

53 (53a — 53d) denotes hydraulic fluid 
communicating pipes, in which the numeral 53a 
denotes a supply pipe and the numeral 53b 

1 05 denotes a drain pipe. The reference numeral 54 
denotes a servo motor, the reference numeral 55 
denotes a second feedback potentiometer linked 
with the servo motor 54, the reference numeral 
56 denotes an electromagnetic clutch linked with 

1 10 the servo motor 54, the reference numeral 57 
denotes a gear wheel driven by the servo motor 

54 when the electromagnetic clutch 56 engages 
the servo motor 54 therewith, and the reference 
numeral 58 denotes a lever fixed to the axle of the 

115 gear wheel 57. This lever 58 is fixed to one ends 
of springs 59a and 59b, and the other ends of 
these springs are also fixed. A spool for 
controlling the opening and closing of the valve 
communicating with the pipes 53c and 53d is 

1 20 disposed within the tilt control valve 27, and this 
spool is linked with the lever 58. 

The reference numeral 60 denotes a D — A 
converter for converting the upright forward tilt 
operation command signal a and the upright 
1 2 5 backward tilt operation command signal b 

generated from the microcomputer 23 into an 
appropriate analog voltage signal. The reference 
numeral 61 denotes a comparator circuit for 
checking the difference between the analog signal 
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outputted from the D— A converter 60 and 
the voltage developed across the feedback 
potentiometer 55 which rotates together 
with the gear wheel and for generating 
5 a positive or negative differential voltage 
signal, and the reference numeral 62 denotes 
an amplifier, the reference numeral 63 denotes 
a motor control unit, which outputs no 
signal when the signal from the amplifier 62 lies 

1 0 vvithin a predetermined positive or negative 

range, that is, within the neutral range, a signal to 
turn on the transistors 65 and 66 in the servo 
motor driving circuit 64 when the signal from the 
amplifier 62 is beyond the predetermined positive 

1 5 range, and another signal to turn on the 

transistors 67 and 68 in the servo motor driving 
circuit 64 when the signal from the amplifier 62 is 
beyond the predetermined negative range. The 
reference numeral 69 denotes a DC power supply, 

20 and the reference numeral 70 denotes a relay coil 
the power supply of which is supplied via the 
microcomputer 23, The numeral 70a denotes a 
relay contact closed or opened when the relay coil 
70 is energized or deenergized. 

25 Now follows a description of the operation. 
When the power supply of the microcomputer 23 
is turned on, the relay coil 70 is energized, so that 
the relay contact 70a is closed. Therefore, the 
servo motor driving circuit 64 is activated and the 

30 electromagnetic clutch 56 is energized to engage 
the servo motor 54 with the gear wheel 57. In 
this embodiment the second feedback 
potentiometer 55 is mechanically linked with the 
gear wheel 57 so as to rotate together with the 

35 gearwheel 57. 

Here, the case is explained in which the digital 
upright backward tilting command signal b is 
ouputted from the microcomputer 23 to the D — ^A 
converter 60. The D — A converter 60 outputs an 

40 analog upright backward tilting command signal 
corresponding to the digital signal b. Since this 
analog command signal voltage e^ is set so as to 
be higher than the voltage e^ developed across 
the second feedback potentiometer 55 {in this 

45 case the potentiometer 55 linked with the gear 
wheel 57 Ts released at the neutral position), the 
comparator 61 compares these two signals e^ 
and e^ and outputs a positive signal (e,,— eo)>0. 
This differential signal is inputted to the motor 

50 control unit 63 via the amplifier 62 in order to tilt 
the upright backward. That is to say, the motor 
control unit 63 outputs a signal to turn the 
transistors 65 and 66 on. By this, the servo motor 
54 rotates clockwise (in the arrow direction in Fig. 

55 1 2). Since the servo motor 54 is engaged with 
the gear wheel 57 by the electromagnetic clutch 
56, the gear wheel 57 also rotates clockwise (in 
the arrow direction in Fig. 12); the spring 59b is 
contracted, the spring 59a is extended. Therefore, 

60 the lever 68 pushes down the spool within the tilt 
control valve 27 and thereby hydraulic pressure is 
applied from the oil pressure pump 52 into the 
hydraulic tilt cylinder 7 via the pipe 53c, and is 
released from the hydraulic tilt cylinder 7 into the 

65 oil tank 5 1 via the pipe 53d, with the result that 



the piston of the cylinder 7 is lowered in the 
figure. By this operation, the upright 1 is tilted 
backward. 

During this upright backward tilting operation, 

70 since the second potentiometer 55 also rotates 
together with the gear wheel, the voltage across 
the potentiometer 55 also increases, so that the 
voltage level of the differential signal (e^ — e^,) 
outputted from the comparator 61 decreases. In 

75 the motor driving circuit 64, since the transistors 
65 and 66 are so configured as to function as a 
DC amplifier, the collector current flowing through 
the transistors 65 and 66 decreases with 
decreasing voltage level of the differential signal 

80 from the motor control unit 63, with the result 
that the servo motor is driven at a slower 
response speed. The more the upright is tilted 
backward, the less the motor speed. When the 
differential signal voltage level reaches zero (for 

85 instance, when the upright is tilted backward by 
one degree), the servo motor 54 stops rotating. 

As described above, when the upright 1 is 
adjusted to the target upright backward tilting 
angle, this angle Is detected by the first 
90 potentiometer 21 and is checked In the 
microcomputer 23. in this case, since the 
microcomputer 23 outputs the upright neutral 
position command signal to a timer 236 provided 
within the microcomputer 23, the timer starts 
95 counting the clock pulse generated from a clock 
signal generator (not shown). After a 
predetermined time period has elapsed, the timer 
236 outputs a command signal to the relay 70 in 
order to return the servo mechanism to the 

1 00 neutral position. Therefore, the relay 70 is 

deenergized and thereby the power supply to the 
servo mechanism is turned off. As a result, the 
electromagnetic clutch 56 disengages the servo 
motor 54 from the gear wheel 57. Therefore, the 

105 gear wheel lever 58, that is, the tilt control valve 
is released to the neutral position, at which the 
valve Is fully closed, by the force of the two 
springs 59a and 59b. In this case, the second 
potentiometer 55 is also reset to the neutral 

110 position. 

Next, the case is explained in which the digital 
upright forward tilting command signal a is 
outputted from the microcomputer 23 to the D — 
A converter 60. The D — A converter 60 outputs 

1 1 5 an analog upright forward tilting command signal 
corresponding to the digital signal a. Since this 
analog command signal voltage is set so as to 
be smaller than the voltage e^ developed across 
the second feedback potentiometer 55 (in this 

1 20 case the potentiometer 55 linked with the gear 
wheer57 is released at the neutral position), the 
comparator 61 compares these two signals e^ 
and and outputs a negative signal (e^ — ej<0. 
This differential signal is inputted to the motor 

125 control unit 63 via the amplifier 62 in order to tilt 
the upright forward. That is to say, the motor 
control unit 63 outputs a signal to turn the 
transistors 67 and 68 on. By this, the servo motor 
54 rotates counterclockwise (in the direction 

1 30 opposite to the arrow in Fig. 12). Since the servo 
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motor 54 is engaged with the g.ear wheel 57 
by the electromagnetic clutch 56, the gearwheel 
- ™ 57-also rotates counterclockyyise l^ 

opposite to the arrow in Fig. 1 2); the spring 59a is 
5 contracted; the spring 59b is extended. Therefore, 
the lever 68 pulls up the spool within the tilt 
control valve 27 and thereby hydraulic pressure is 
applied from the oil pressure pump 52 into the 
hydraulic tilt cylinder 7 via the pipe 53d and is 
1 0 released from the hydraulic tilt cylinder 7, into the 
oil tank 51 via the pipe 53c, with the result that 
the piston of the cylinder 7 is lifted in the figure. 
By this operation, the upright is tilted forward. 
During this upright forward tilting operation, 
1 5 since the second potentiometer 55 also rotates 
together with the gearwheel, the voltage across 
the potentiometer 55 also decreases, so that the 
• absolute voltage level of the differential signal 
(Sg — e^) outputted from the comparator 61 
20 decreases. In the motor driving circuit 64, since 
the transistor 67 and 68 are so configured as to 
function as a DC amplifier, the collector current 
flowing through the transistors 67 and 68 
decreases with decreasing voltage level of the 
25 differential signal from the motor control unit 63, 
with the result that the servo motor is driven at a 
slow response speed. The more the upright is 
tilted forward, the less the motor speed. VVhen the 
differential signal voltage level reaches zero (for 
30 instance, when the upright is tilted forward by one 
degree), the servo motor 54 stops rotating. 

As described above, when the upright 1 is 
adjusted to the target upright backward tilt angle, 
this angle is detected by the first potentiometer 
35 21 and is checked in the microcomputer 23. In 
this case, since the microcomputer 23 outputs 
the upright neutral position command signal to 
the timer 236 provided within the microcomputer 
23, the timer starts counting the clock pulse 
40 generated from a clock signal generator (not 
shown). After a predetermined time period has 
elapsed, the timer 236 outputs a command signal 
to the relay 70 in order to return the servo 
mechanism to the neutral position. Therefore, the 
45 relay 70 is deenergized and thereby the power 
supply to the servo mechanism is turned off. As a 
result, the electromagnetic clutch 56 disengage 
the servo motor 54 from the gear wheel 57. 
Therefore, the gear wheel 58, that Is, tilt control 
50 valve is released to the neutral position, at which 
the valve is fully closed, by the force of the two 
springs 59a and 59b. in this case, the second 
potentiometer 55 is also reset to the neutral 
position. 

55 Further, in this invention since there exists a 
time lag (a delay time) from when the upright 
neutral position command signal is generated to 
when the upright stops perfectly and therefore 
since there exists a danger such that the upright 

50 stops perfectly at a position over the desired stop 
position due to this time lag, the A — D converter 
22 is preset in such a way that the neutral 
position command signal is outputted when the 
upright reaches a position a little before the 

65 position at which the upright is required to stop, • 



in order to improve the accuracy of the upright 
stop position. 

As described above, in the tilt servo 

"mechanisnTaccording to the present invention, 

70 when the upright reaches the loaded neutral 

position, the tilt control valve is opened or closed 
at slow speed, no shock is applied to the load 
mounted on the fork, thus preventing the load 
from being moved or thrown out of the fork. 
75 Next, the third object of the present invention 
will be described hereinbelow with reference to 
Figs. 13, 14 and 1 5. 

Fig. 1 3 shows a flowchart of the 
microcomputer operation for detecting whether 
80 or not the analog-to-digital converter 22 operates 
normally according to the present invention. 

First, as shown in Fig. 1 4 all bit strings that are 
outputted if the analog-to-digital converter 22 
operates normally are set respectively in such an 
85 order as E, D, C, B, and A. The bit strings 

described above are used as reference values REF 
1 through REF 6 to be compared thereafter with 
the actual bit strings outputted from the analog- 
to-digital converter 22 shown in Fig. 6. For 
90 instance, the reference value 2 indicates that the 
output signals E, D, C and B from the A — D 
converter 22 are "0" and the output signal A is 

In the processing flowchart shown in Fig. 1 3, 
95 the microcomputer starts to check for a failure in 
the analog-to-digital converter 22, and 
subsequently one of the bit strings presently 
outputted from the analog-to-digital converter 22 
is compared with each of the reference bit strings 

1 00 REF 1 through REF 6 to check whether or not the 
two bit strings agree. !f the bit string presently 
outputted from the analog-to-digital converter 22 
coincides with any one of the reference bit strings 
shown by JFig. 1 4, the routine returns to an 

1 05 original main routine for performing various 

control functions. If they do not agree, the routine 
goes to a processing step in which an alarm is 
produced for warning an operator that there is an 
electrical abnormality in the analog-to-converter 

110 22. 

Fig. 1 5 shows a hardware conception of an 
abnormality detection facility to check for the 
presence of an electrical abnormality in the 
anaiog-to-digital converter 22. 

115 In Fig. 1 5, a plurality of digital (bit strings) 

comparators 1 17 through 122 equal in number to 
the reference bit strings are provided for 
comparing a bit string (presently outputted from 
the analog-to-digital converter 22 into the CPU 

1 20 233) with any one of the reference bit strings REF 
1 through REF 6, and all output voltage signals of 
the digital comparators .1 17 through 122 are 
applied to the respective input terminals of an 
AND gate circuit 124. If the analog-to-digital 

1 25 converter 22 operates normally, the bit string of 
the output signals A through E will agree with any 
one of the reference bit strings REF 1 through REF 
6. In this case, the output bit signal of the AND 
gate circuit 1 24 indicates "0", because any one of 

1 30 the digital comparators 1 1 7 through 1 22 outputs 
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a "0" bit signal Indicating that the actual bit string 
agrees with any one of the reference bit strings. 
Consequently, an alarm for warning the operator 
that there is an abnormality in the analog-to- 
5 digital converter 22 is not produced. Conversely, 
if the analog-to-digital converter 22 does not 
operate normally, the present bit string of the 
output signals A through E will agree with neither 
of the reference bit strings shown by Fig. 14. In 

1 0 this case, the output bit signal of the AND gate 
circuit 1 24 outputs "1 since no digital 
comparators 1 1 7 through 1 22 outputs a "0" bit 
signal. Therefore, the operator can readily notice 
the defective analog-to-digital converter 22 

1 5 depending upon the alarm produced from the 
microcomputer. 

In this way, accprding to the present invention, 
since there is provided in the microcomputer used 
with the fork lift truck control system an 

20 abnormality detection facility for detecting a 

defective analog-to-digita! converter, the fork lift 
truck control system can perform correct control 
of the backward tilting angle of the upright 
constantly without accident. 

25 It will be understood by those skilled in the art' 
that the foregoing description is In terms of 
preferred embodiments of the present invention 
wherein various changes and modifications may 
be made without departing from the spirit and 

30 scope of the invention, as set forth in the 
appended claims. 

Claims 

1 . A method of controlling a fork movably 
supported by an upright of a fork lift truck at a 
35 position parallel with respect to the ground, 

according to loads mounted on the fork, by means 
of a microcomputer, which comprises the 
following steps of: 

a) predetermining target upright backward 
40 tilting angles to be previously set for keeping the 

fork parallel with respect to the ground according 
to various loads mounted on the fork; 

b) storing the predetermined target upright 
backward tilting angles into the microcomputer; 

45 c) detecting-an actual load mounted on the 
fork; 

d) selecting a target upright backward tilting 
angle stored in the microcomputer corresponding 
to the detected load; 
50 e) detecting an actual upright tilt angle with 
respect to the neutral position vertical to the 
ground under unloaded condition; — 

f) comparing the detected upright tilt angle 
with the stored target upright backward tilting 

55 angle; 

g) outputting an upright backward tilting operation 
command signal b when the detected upright 
tilt angle is below the target upright backward 
tilting angle, an upright forward tilting operation 

60 command signal a when the detected upright tilt 
angle is beyond the target upright backward 
tilting angle, and an upright neutral position 
command signal when the detected upright tilt 
angle is equal to the target upright backward 



65 tilting angle; and 

h) controlling the upright tilt angle to the target 
upright backward tilting angle in response to the 
outputted upright tilting operation command 
signals, 

70 whereby the fork of the fork lift truck is kept 
parallel with respect to the ground, if the load 
mounted on the fork varies. 

2. A method of controlling a fork movably 
supported by an upright of a fork lift truck, at a 

75 position parallel with respect to the ground, 

according to loads mounted on the fork, by means 
of a microcomputer as set forth in claim 1 , 
wherein the target upright backward tilting angles 
to be previously set according to various loads 

80 mounted on the fork are stored into the 

microcomputer being divided into a number of 
tilting angle ranges according to the load on the 
fork. 

3. A method of controlling a fork movably 
85 supported by an upright of a fork lift truck, at a 

position parallel with respect to the ground, 
according to loads mounted on the fork, by means 
of a microcomputer as set forth in claim 2, 
wherein the step of comparing the detected 
90 upright tilt angle with the stored target upright 
backward tilting angle comprises the following 
steps of: 

a) outputting an analog voltage signal (IJ 
representative of an actually detected upright titt 

95 angle; 

b) comparing the outputted analog voltage 
signal level with a number of predetermined fixed 
voltage levels (V^, Vj, V3, V^, Vg) corresponding to 
a number of predetermined upright backward 

100 tilting angles (A>0°, B>1 *^,C>3°, D>4°, 
E>12°). 

c) outputting signals of "1 " indicating that the 
detected upright tilt angle is beyond the 
predetermined upright backward tilting angles (A, 

105 B, C, D, E) when the outputted analog voltage 
signal level (1^) is higher than the predetermined 
fixed voltages (V,, Vj, V3, V^, Vg), and signals of 
a"0" indicating that the detected upright tilt angle 
is below the predetermined upright backward 

110 tilting angles when the outputted analog voltage 
signal level (1^) is lower than the predetermined 
fixed voltages; and 

d) determining an detected upright backward 
tilt angle to lie within one of the predetermined 

115 tilting angle ranges on the basis of a number of 
outputted binary signals in such a way that the 
detected angle lies between the largest angle 
indicating "0" and the lowest angle indicating 
"1". 

120 4. A method of controlling a fork movably 
supported by an upright of a fork lift truck, at a 
position parallel with respect to the ground, 
according to loads mounted on the fork, by means 
of a microcomputer as set forth in claim 1 , 

125 wherein the step of controlling the upright tilt 

angle to the target upright backward tilting angle 
in response to the outputted upright tilting 
operation command signals comprises the 
following steps of: 
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a) converting the outputted digital upright 
tilting operation command signal aor b into the 
analog upright forward or backward command 

signal e^or eb"corresponding thereto; - 

5 b) detecting an analog signal e^, indicative of 
the current upright neutral position at which the 
upright rests at a current backward tilting angle; 

c) comparing the converted analog upright 
tilting operation command signal voltage level e^ 

10 or e^ with the detected analog signal voltage level 

d) outputting a motor clockwise-driving signal 
the voltage level of which is proportional to the 
difference in voltage level between the two signal 

15 and e^ when the converted analog upright 
backward tilting operation command signal 
voltage level e^ is higher than the detected analog 
signal voltage level e^, and a motor 
counterclockwise-driving signal the voltage level 

20 of which is proportional to the difference in 
voltage level between the two signals e^ and 
when the converted analog upright forward tilting 
operation command signal voltage level e^ is 
lower than the detected signal voltage level e^,; 

25 e) controlling the directions of flow and the 
amount of flow of a hydraulic fluid in response to 
the outputted motor clockwise or 
counterclockwise driving signal; and 

f) adjusting the upright tilt angle to the target 

30 upright backward tilting angle by the movement 
of the controlling hydraulic fluid, 

whereby the upright is adjusted to the target 
backward tilting angle at a slow speed without 
applying a shock to the upright. 
35 5. A system for controlling a fork movably 
supported by an upright of a fork lift truck at a 
position parallel with respect to the ground, 
according to loads mounted on the fork, which 
comprises; 

40 a) a hydraulic tilt cylinder (7) for adjusting the 
vertical position of the upright; 

b) a hydraulic lift cylinder (6) for lifting or 
lowering the fork; 

c) a first potentiometer (21) mechanically 
45 linked with said hydraulic tilt cylinder for 

detecting upright forward or backward tilt angles 
and for outputting signals (\^) corresponding 
thereto; 

d) a load sensor (24) mechanically linked with 
50 said hydraulic lift cylinder for detecting the load 

mounted on the fork and for outputting signals 
corresponding thereto; 

e) an A-^D converter (22) connected to said 
first potentiometer for converting the analog 

55 signal indicative of upright tilt angle into the 
digital signal corresponding thereto; 

f) a microcomputer (23) including: 

1 ) an input interface (23 1 ) connected to said 
A — D converter for inputting the converted digital 

60 tilt angle signals into said microcomputer, and 
connected to said load sensor for converting the 
detected analog load signals into the 
corresponding digital load signals and inputting 
the signals into said microcomputer; 

6.5 2) a. RAM (235); 
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3) a ROM (234) for storing preestablished 
program sequences and target upright backward 
tilting angles to be previously set for keeping the 

— fork parallel with respect to-the-ground according . 
70 to various loads mounted on the fork; 

4) a CPU (233) for selecting a target upright 
backward tilting angle from among the ones 
stored in said ROM in accordance with the 
detected digital load signal, comparing the 

75 detected digital upright backward tilt angle with 
the selected target upright backward tilting angle, 
and outputting an upright forward tilting 
operation command signal a when the detected 
upright backward tilt angle is beyond the selected 

80 target backward tilt angle, an upright backward 
tilting operation command signal b when the 
detected upright backward tilt angle is below the 
selected target upright backward tilt angle, and an 
upright neutral position command signal when 

85 both the angles are equal to each other; 

5) an output interface (232) for outputting the 
upright tilting command signals aor b from the 
microcomputer; 

g) a tilt control valve (27) connected between 
90 said microcomputer and said hydraulic tilt 
cylinder for switching the direction of flow of 
hydraulic fluid supplied into said hydraulic tilt 
cylinder in order to tilt the upright backward or 
forward in response to the upright 
95 forward/backward tilting command signals a and 
b outputted from said microcomputer. 

6. A system for controlling a fork fixed movably 
supported by an upright of a fork lift truck at a 
position parallel with respect to the ground, 
1 00 according to loads mounted on the fork, as set 
forth in claim 5 which further comprising a tilt 
servo mechanism (26) connected between said 
microcomputer and said tilt control valve, 
including: 

1 05 a) a D — A converter (60) connected to said 
microcomputer for converting the digital upright 
forward tilting operation command signal a and 
the digital upright backward tilting operation 
command signal b into the respective analog 

1 1 0 signals e^ or e^, corresponding thereto; 

b) a second feedback potentiometer (55) for 
detecting an analog signal e^, indicative of the 
upright neutral position at which the upright rests 
at a current backward tilting angle; 

115 c) a comparator (61 ) connected to said D — A 
converter and said second feedback 
potentiometer for comparing the voltage level of 
the converted analog upright forward or backward 
tilting operation command signal a ox b outputted 

1 20 from said microcomputer with the voltage level of 
the analog signal detected by said second 
feedback potentiometer; 

d) a motor control unit (63) connected to said 
comparator for outputting a motor clockwise- 

125 driving signal the voltage level of which is 

proportional to the difference in voltage level 
between the two signals e^ and e^, when the 
converted analog upright backward tilting 
operation command signal voltage level e^ is 

1 30 higher than the detected analog signal voltage 



11 
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level e^ and a motor counterclockwise-driving 
signal the voltage level of which is proportional to 
the difference in voltage level between the two 
signals e^ and when the converted analog^ 
5 upright forward tilting operation command signal 
voltage level is lower than the detected signal 
voltage level e^: 

e) a servo motor (54); 

f) a servo motor driver (64) connected to said 
^ Q servo motor and said motor control unit for 

driving said servo motor clockwise or 
counterclockwise in response to one of the motor 
clockwise/counterclockwise-driving signal 
outputted from said motor control unit in such a 
1 5 way the motor driving current is proportional to 
the difference in voltage between the command 
signal e^ or e^ and, the detected signal e^; 

g) a gear wheel (57) spring-urged to a neutral 
position when released, being linked with said 

20 second feedback potentiometer; 

(h) an electromagnetic clutch (56) for 
mechanically engaging said servo motor with said 
gear wheel when actuated for a given period by a 
timer signal applied from said microcomputer and 

25 disengaging said servo motor from said gear 
wheel when deactuated; 

i) a tilt control value (27) mechanically linked 
with said gear wheel for feeding hydraulic fluid 
into said hydraulic tilt cylinder in such a direction 

30 that said upright is tilted backward when said 
servo motor rotates clockwise or in such a 
direction that said upright is tilted forward when 
said servo motor rotates counterclockwise, said 
tilt control value being released to its neutral 

35 position at which the hydraulic fluid is not fed in 
either direction by said spring-urged gear wheel 
when said gear wheel is disengaged from said 
servo motor, that is, when said electromagnetic 
clutch is deactuated; 
40 whereby the upright is controlled to the target 
tilting angle at a relatively slow speed. 

7. A system of controlling a fork movably 
supported by an upright of a fork lift truck, at a 
position parallel with respect to the ground, 

45 according to loads mounted on the fork, as set 
forth in claim 5, wherein the target upright 
backward tilting angles to be previously set 
according to various loads mounted on the fork 
are stored in said ROM being divided into a 

50 number of tilting angle ranges according to the 
load on the fork. 

8. A system for controlling a fork movably 
supported by an upright of a fork lift truck, at a 
position parallel with respect to the ground, 

55 according to loads mounted on the fork, as set 
forth in claim 7, wherein said A — D converter 
comprises a plurality of comparator circuits (CP^, 
CPj. CPg, CP4, CPg), one input terminals of which 
are connected to said first potentiometer for 

60 receiving the detected upright forward or 
backward tilt angle signal (1^), the other input 
terminals of which are preset in such a way that a 
number of predetermined fixed voltage levels (V,, 
Vj, V3, V^, Vg) corresponding to a number of 

65 predetermined upright backward tilting angles 



(A>0°, B>1 °, C>3°, D>4°, E> 12°) are applied 
to the terminals, the output terminals of which are 
connected to said microcomputer, said 
comparator circuits outputting signals of "1 " 

70 indicating that the detected upright tilt angle is 
beyond the predetermined upright backward 
tilting angles (A, B, C, D, E) when the voltage 
signal (I,) is higher than the predetermined fixed 
voltages (V^, V^, V3, V4, Vg) and signals of "0" 

75 indicating that the detected upright tilt angle is 
below the predetermined upright backward tilting 
angles when the voltage signal is lower than the 
predetermined fixed voltages. 

9. A system for controlling a fork movably 

80 supported by an upright of a fork lift truck, at a 
position parallel with respect to the ground, 
according to loads mounted on the fork, as set 
forth in claim 8, wherein said computer 
determines that the detected upright backward 

85 tilt angle lies within one of the predetermined 
tilting angle ranges on the basis of a plurality of 
binary signals outputted from said A — D 
converter in such a way that the detected angle 
lies between the largest angle indicating "O" and 

90 the lowest angle indicating "1 

1 1 . A system for controlling a fork movably 
supported by an upright of a fork lift truck at a 
position parallel with respect to the ground, 
according to loads mounted on the fork, as set 

95 forth in claim 5, wherein said microcomputer 
further comprises: 

a) an abnormality detection circuit 
incorporated in said input interface for comparing 
the bit string presently outputted from said A — D 

1 00 converter with one of the predetermined 

reference bit strings and generating an alarm 
signal when the bit string presently outputted 
from said A — D converter does not agree with any 
one of the predetermined reference bit strings, 

105 each predetermined reference bit string 

corresponding to one of the bit strings outputted 
from said A — D converter which operates 
normally; 

b) an alarm circuit connected to said 

1 1 0 abnormality detection circuit for producing an 
alarm in response to the alarm signal generated 
from said abnormality detection circuit. 

1 2. A system for controlling a fork movably 
supported by an upright of a fork lift truck at a 

1 1 5 position parallel with respect to the ground, 
according to loads mounted on the fork, as set 
forth in claim 1 1 , wherein said abnormality 
detection circuit comprises: 

a) a plurality of bit-string comparators 

1 20 connected to said A — D converter for comparing 
the bit string presently outputted from said A — D 
converter with any one of the predetermined 
reference bit strings and outputting a "1 " bit 
signal respectively, when the present bit string 

125 does not agree with any one of the reference bit 
strings; and 

b) an AND gate the input terminals of which 
are connected to the output terminals of said bit- 
string comparators and the output terminal of 

1 30 which is connected to said alarm circuit, for 
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outputting an alarm signal when all of said bit- with reference to and as Illustrated in the 
string comparators output "1 " bit signals. 5 accompanying drawings. 
1 3. A system substantially as herein described 
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